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ABSTRACT 
The widespread use of plastic has become a huge threat for the marine environment. With 
problems such as the oceanic garbage patches increasing more and more in scale, the focus is 
set on how could plastic waste be prevented from entering the oceans and adversely affecting 
the wildlife. Since the largest accumulation of plastic waste is found in the North Pacific 
Gyre, we have looked at the surrounding countries with the highest waste generation. By 
using the pyramid of waste as a starting point, we have searched for the best methods that 
could reduce waste generation and prevent plastic debris for entering the environment. Our 
investigation brought us to the conclusion that people need to be better informed, plastic 
waste should be reintroduced to the material flow by implementing the waste pyramid as 
much as possible, better legislation should be applied, collaboration between countries and 
international organization should be facilitated and dangerous materials should be replaced 
with ‘greener’ alternatives. 
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LIST OF ACRONYMS    
 
 
BAT       - Best Available Technique 
BIR        - Bureau of International Recycling 
BPA       - Biosphenol-A 
CAA       - Clean Air Act  
CBD       - Convention on Biological Diversity 
DEHA    - Di(2-ethylhexyl)adipate 
EASUR  - East Asia and Pacific Urban Development Sector Unit 
EPA        - Environmental Protection Agency (USA) 
EUPC    - European Plastic Converters 
IARC     - International Agency for Research on Cancer 
IATP      - Institute for Agriculture and Trade Policy 
ISWA    - International Solid Waste Association 
MSW     - Municipal Solid Waste 
NGO      - Non-governmental organization 
NOAA   - National Oceanic and Atmospheric Administration (USA) 
PBT        - Persistent, bio-accumulative and toxic substances 
PET        - Polyethylene terephthalate (also PETE) 
POP       - Persistent organic pollutants 
PS          - Polystyrene  
PVC       - Polyvinyl chloride 
UNEP    - United Nations Environment Programme 
UNESC  -United Nations Economic and Social Council 
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INTRODUCTION 
Waste management is a great issue nowadays, since consumption of all kind of products 
keeps growing due to population increase on the planet. One of the most developed industries 
is plastic production. It has undergone great technological improvements since the first half of 
the 20th century. Since then, plastic production has increased immensely. Huge amounts of 
plastic products are produced and distributed all around the world. This includes the most 
commonly used plastics – PE (polyethylene), PP (polypropylene), PET (polyethylene 
terephthalate), PVC (polyvinyl chloride), PS (polystyrene) and PA (polyamide).  
During the past 30 years, the global production of plastics has increased by over 500 percent.  
Currently, at a global level, the annual plastic production is estimated at over 80 million tons 
and is expected to have a further increase of 3 percent per year (PLASTEX, 2010). 
About 35 percent of today’s plastic is used for packaging (PLASTEX, 2010). In the food 
industry, plastic packaging is practiced because it can extend the shelf life of products, thus 
reducing the risk of damage. 
Once plastic loses its utility it is normally discarded and sent to either a recycling plant (in the 
best case scenario) or to a dump site. Unfortunately, there is still a part that never finds its 
way to a collection plant. This plastic is thrown away as consumer litter and ends up in the 
surrounding environment. Often it reaches local streams and rivers or, if  thrown on the  
beach, comes straight into the sea or ocean. From here on it is part of the planetary water 
system.  Plastic can also enter the water system if it is discarded by cruise liners, merchant 
ships, fishing or recreational vessels, or oil and gas platforms. 
Since most plastic is buoyant, it remains at the surface of the water and is carried further by 
the oceanic currents. Finally it accumulates in large remote areas in the oceans endangering 
wildlife. 
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PROBLEM  FORMULATION 
In this project we will concentrate on presenting one of the biggest issues presently faced at a 
global scale – treatment of plastic waste. We would like to present some of the possible 
solutions that could prevent future environmental pollution from plastics. 
The questions which we hope to answer and which are a subject for further discussion are: 
 How can consumer plastic be prevented from entering the environment and 
affecting wildlife? 
 Who should take initiative to create more strict regulations on plastic waste disposal?  
 Which is the best solution for treatment of plastic waste? 
CASE STUDY:  The North Pacific Gyre  
At a planetary level there are several places where the oceanic currents meet and create giant 
vortexes. This is where, eventually, most plastic waste, alongside other forms of waste, end 
up. These giant water vortexes are more commonly known as gyres and there are 5 such 
formations: the Indian Ocean Gyre, the North Atlantic Gyre, the South Atlantic Gyre, the 
North Pacific Gyre and the South Pacific Gyre. 
From all of these the North Pacific Gyre is of most interest to us because it represents the 
largest concentration of waste that is found in our oceans. As the name suggests, this gyre 
covers most of the northern part of the Pacific Ocean. With a size of 20 million km2, it 
stretches between the equator and 50°N latitude (David, 1999). The water currents which give 
rise to the gyre move in a clockwise direction and consist of the North Pacific Current to the 
North, the California Current at East, the North Equatorial Current to the South, and the 
Kuroshio Current at West (see Figure 1). 
While the National Oceanic and Atmospheric Administration (NOAA) states that the size of 
the North Pacific garbage patch is hard to estimate (NOAA, 2012), there are contradicting 
sources which present the affected area to be either small and unimportant or spread over long 
distances and with devastating impacts. 
At first ignored, in recent years this problem has become a great concern of oceanographers, 
environmentalists and NGOs around the whole world. 
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Figure 1. Positioning of the North 
Pacific Gyre. The yellow arrows show 
the different water currents which give 
rise to the Gyre and their trajectories. 
The dotted areas in orange are two 
places where the waste carried by the 
currents are accumulating. They are 
known as the Eastern and Western 
Pacific garbage patch. 
Image by NOAA, 2012. 
 
Environmental problems 
There are many environmental problems related to the concentration of plastic waste in places 
such as the North Pacific Gyre. 
Large plastic debris can easily become an obstacle for marine animals which can get tangled 
up in it, whereas smaller parts are often mistaken by animals as food  and get ingested.  
Even if plastic is labeled as ”biodegradable”, once it enters a water body the process of 
decomposition is slowed down. A reason for this is that objects which are made to be 
biodegradable can only be broken down by bacteria, or under controlled conditions, and 
oxidized into simple molecules (fx. methane, water and carbon dioxide) at certain 
temperatures (UNEP, 2011, #1). The temperatures found in the oceans are far lower than the 
ones on land. Besides temperature, intensity of UV radiation also plays an important role in 
the degradation process of certain plastics. 
Breakdown takes place while the plastic waste is at the surface of the water. Here it can be 
disintegrated into smaller pieces with the help of sunlight. Once degraded to smaller particles, 
the plastic still represents a risk of being taken up as food by local animals. There are known 
examples of sea turtles which confuse plastic bags for jellyfishes, or albatrosses which engulf 
small plastic objects to take back as food for their offspring (see Figure 2 and 3, left). As a 
result their stomachs become filled with unwanted objects and in the end, not being able to eat 
anymore, the birds die of starvation (see Figure 3, right). Microplastics - particles that are 
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smaller than 5mm in diameter – pose risk to zooplanktonic filter feeders, which can not 
control what they take up. As these small organisms are an important component of the diet of 
other marine animals, plastics continue their way up in the food chain, process known as 
biomagnification (an increase of concentration of harmful contaminants at each new step of 
the food chain). 
From different reports, it has been revealed that all known species of sea turtles, half of all 
species of marine mammals, and 1/5th of all species of sea birds have been found to be 
affected by entanglement or ingestion of marine waste (CBD, 2012). From all the encounters, 
over 80% of the animals were affected by plastic debris, while paper, glass and metal made up 
less than 2% of all the incidents (CBD, 2012). 24% of all incidents on marine life were due to 
plastic ropes and nettings followed up by plastic fragments (20%), plastic packaging (17%), 
other plastic fishing debris (16%), micro-plastics (11%), paper (0.64%), glass (0.39%), and 
metal (0.39%)(CBD, 2012). 
On the other hand, the animal species with the highest entanglement or ingestion rates were: 
Callorhinus ursinus (Northern fur seal), Zalophus californianus (California sea lion), 
Fulmarus glacialis (Northern fulmar), Chelonia mydas (Green Turtle), Eubalaena glacialis 
(North Atlantic Right Whale), and Caretta caretta (Loggerhead Turtle)(CBD, 2012). 
 
 
 
 
Figure 2. Image of a sea turtle confusing a plastic bag for 
 a jellyfish. Picture taken by photographer Jong Cortez. 
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Figure 3. Left. Image of an albatross with its chick Right. Albatrosses can easily mistake plastic debris for food. 
Ingestion of high amounts of plastic can fill up the bird’s stomach until there is no more space for comestible 
food. This leads to the bird’s death as a result of starvation. Pictures taken by photographer Chris Jordan. 
 
There is also a concern that floating plastic objects can become vectors for bringing invasive 
species into new ecosystems. Barnacles and marine algae are considered potential organisms 
that could, by attaching to floating plastic waste, make colonies in new areas which can 
facilitate their growth (UNEP, 2011, #1). It is hard to predict what consequences such events 
could cause.  
Another worrying aspect of the marine pollution with plastic is the actual chemical structure 
of all the different plastic types found in the ocean. It is still debated whether or not some of 
the toxic, bioaccumulative compounds found in some plastic objects could leak out, once the 
discarded waste begins degrading, and affect the marine ecosystems (UNEP, 2011, #1).  
There are no easy and one time solutions for this problem. The garbage can not be excavated 
and removed to some other place where it could be dealt with. The problem is the wide area 
where the plastic is present and also the fact that there are a lot of minute, microscopic 
particles of plastic that cannot be collected in an easy way. Also, there are a lot of animals 
living and moving around in the so called “plastic soup”. Currently research is being done to 
assess the impact on environment and to learn more about the effects on wildlife. So far, it 
seems that data collection and analysis is all that can be done. In order to solve this problem 
great reforms concerning plastic production and waste treatment have to be accomplished. 
 
  
10 | P a g e                    R o s k i l d e  U n i v e r s i t y ,  T E K  S A M ,  F a l l  2 0 1 2  
 
HISTORIC BACKGROUND OF PLASTICS 
To better understand how plastic has become so widespread and how all the different plastic 
types we know today have emerged, we have to look at the history behind this material.  
Parkesine 
An English chemist named Alexander Parkes invented the first human-made plastic in1855 
when he tried to mix nitrocellulose with camphor. To his surprise, the mixture could be 
dissolved in alcohol and hardened into a transparent and elastic material that could be molded 
when heated and keep its shape when cooled down (PP, 2012). Parkes named this substance 
"Parkesine ". He first introduced his invention to the world at the 1862 World's Fair in 
London, which helped him to win a bronze medal.  
Parkes used Parkesine to produce a wide range of items: combs, pens, buttons and even 
jewelry. However, Parkes did not have a good business sense, and because he could not 
reduce the cost to enable further manufacture, his company went bankrupt.  
Celluloid 
In the 1860s, John Wesley Hyatt, an American inventor, continues experimenting on the work 
of Alexander Parkes. He saw an opportunity in using Parkesine to substitute the needs of 
expensive ivory on billiard production. By improving the manufacturing process, he 
succeeded and gave Parkesine a new name - "celluloid" (fake ivory). He got a ready market 
from billiard manufacturers, and soon after produced a wide variety of plastic products. 
In the 20th century, people began researching new ways of using plastic. Almost all of the 
family appliances were manufactured from some kind of plastic. 
Bakelite  
Early plastics were very easy to ignite, property that strictly limited the range of manufactured 
products (PP, 2012). In 1909, a Belgium born, American chemist named Leo Henricus Arthur 
Baekeland invented the first plastic which was resistant to high temperatures. In order to 
obtain this material, he mixed phenol (C6H5OH) and formaldehyde (HCOH) (PP, 2012). 
Later, combining it with wood flour, asbestos, or slate dust resulted in composite materials 
with different properties (PP, 2012). This resulted in a kind of mixture that was extremely 
hard and fire resistant. This substance was named "Bakelite" and was the first true Phenol-
Formaldehyde plastic in the world.  
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Further developing 
During the 1920s and 1930s, new substances such as alkyd resin, polyvinyl chloride (PVC), 
acrylic (Plexiglass), polystyrene (PS) and polyamide plastic have been created. From the 
1940s until the present, with the development of science, technology, and industry, extensive 
development and utilization of petroleum resources led to a rapid development of the plastic 
industry. During this period, different plastics such as  polyethylene (PE), polypropylene (PP), 
unsaturated polyester, polyoxymethylene, polycarbonate (PC), polyethylene terephthalate 
(PET/PETE), and polyimide have appeared. 
THE DANGER OF PLASTICS 
Plastics are composed of different potentially toxic chemicals that are introduced during the 
production phase of their life cycle (i.e. monomers and oligomers, bisphenol-A (BPA), 
phthalate plasticizers, flame retardants and antimicrobials)(Lithner et al., 2011). Several 
plastics have been shown to leach toxic chemicals when either heated, worn or placed under 
pressure. These are: polycarbonate (which leaches bisphenol A), polystyrene (leaches 
styrene), PET (leaches dioxins), and PVC (leaches phthalates and DEHA)(see table 1)(IATP, 
2005). 
 
Various researches have showed that it is possible for these chemicals to escape from plastic 
containers and packaging used for food and drink and be taken up by humans (Koch et. al., 
2009)(Meeker et. al., 2009). Similarly, there is a chance that these chemicals might also be 
released, and taken up by marine animals, once they are ingested (Oehlmann et. al., 2009). 
Still, there is much more research needed in order to confirm that the toxicity of the 
chemicals found in plastics is indeed transferred to marine life. Even though the exposure 
pathways have not been well determined, chemicals such as flame retardants and phthalates 
have been found in fish, mollusks, sea mammals and other marine animals (UNEP, 2011, 
#2).  This is a reason of concern as the effects of these toxic chemicals are not yet fully 
known. If we take as an example BPA and phthalates, which in laboratory studies have 
already proved to have negative effects on various aquatic organisms (Oehlmann et. al., 
2009)(Talsness et. al., 2009), they might enter the marine environment through different 
pathways, one of which is in the form of marine debris such as plastic. Experimental studies 
have shown that BPA and phthalates affected reproduction in all studied species, inhibited the 
development of amphibians and crustaceans, and led to genetic mutations (Oehlmann et. al., 
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2009). It has been found that the concentrations of these substances in the marine 
environment match the ones which, in laboratory studies, have been proved to be harmful 
(Oehlmann et. al., 2009). Thus, it is presumed that they do have an impact on marine life. 
Even if the link between plastic waste and negative impacts on marine life is hard to prove 
experimentally, if it is indeed existent, it would be hard to prevent it since it is difficult to 
remove the source of toxicity (plastics) from accumulating in marine environments (UNEP, 
2011, #2).   
 
 
Table 1. List of harmful chemicals found in plastics. Source IATP, 2005. 
 
TYPES OF TOXIC CHEMICALS FOUND IN PLASTIC PACKAGING, 
BAGS AND BOTTLES 
NAME SOURCE USED FOR IMPACT 
 BPA PC 
- plastic baby bottles;  
-5-gallon water bottles; 
-’sport’ water bottles;  
-clear plastic ’sippy’ cups;  
-clear plastic, cutlery; 
-mimics the hormone estrogen; 
-stimulate prostate cancer cells;  
-breast tissue changes in mice that resemble 
early stages of breast cancer in both mice 
and humans; 
Phthalates PVC 
-cooking oil and peanut butter jars;  
-detergent and window cleaner bottles; 
-cling wrap; 
-endocrine-disrupting; 
-weak estrogens in cell culture systems; 
Styrene PS 
-food trays, egg cartons; disposable -
cups/bowls; carryout containers; 
-plastic cutlery; 
-classified by IARC* as a possible human 
carcinogen; 
-toxic to the brain and nervous system; 
Dioxins PET -soft drink/water/beer bottles; 
-plastic food containers & bottles; 
-classified by IARC and EPA** as human 
carcinogen and  endocrine disruptor; 
DEHA***  PVC 
 
-cooking oil and peanut butter jars;  
-detergent and window cleaner bottles; 
-cling wrap; 
 
-negative effects on the liver, kidney, spleen, 
bone formation and body weight; 
* International Agency for Research on Cancer 
**Environmental Protection Agency (USA) 
***di(2-ethylhexyl)adipate       
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When it comes to plastics, another worrying aspect is that plastic waste can absorb persistent, 
bio-accumulative and toxic substances (PBT), as well as persistent organic pollutants (POP), 
that can be found in oceans (which have ended up there by other means). This leads to a high 
level of PBTs and POPs on the surface layer of plastic debris, as it concentrates there rather 
than in the surrounding water column (Teuten et. al., 2009)(Hirai et. al., 2011). Even though 
this absorption behavior of plastic debris is still not completely understood, it has been 
calculated that over large areas of ocean (i.e. from the tropic regions to the Arctic) the amount 
of POPs absorbed by plastic is insignificant. However, on local scales and over short 
distances and timespans, plastics can  be subject to increased exposure (Hirai et. al., 2011). It 
has been showed that plastic particles have the potential to transport absorbed chemicals, and 
if they are constantly carried up in the food chain by subsequent ingestion, then the absorbed 
POPs  will eventually be released (Teuten et. al., 2007)(Teuten et. al., 2009). 
THE PYRAMID OF WASTE 
The pyramid of waste (also known as the waste hierarchy) is a way of classifying, in order of 
their environmental impact, different options used in waste management strategies. 
The effect of waste generation and management on human health and the environment are 
presented in detail in the European Waste Directive 2008/98/EC. This directive presents how 
waste management aims to reduce the use of natural resources by following the steps 
presented in the pyramid of waste. 
The waste hierarchy presents the natural flow of steps that should be taken in order to 
minimize as much as possible the negative impacts of  waste production. The hierarchy is 
depicted in the shape of either a pyramid or an inverted pyramid (the shape differs from 
source to source). No matter if the pyramid is right side up or inverted, the base always 
presents the first most desirable step of action in waste management and the tip illustrates the 
least desirable solution (the last option)(FP International, 2009). The pyramid is usually made 
up of 7 steps which from the base to the tip are: prevention, reduction, reuse, recycle, energy 
recovery, treatment and disposal (see figure 4)(FP International, 2009).  
The main idea of the hierarchy is to set waste management measures across the entire value 
chain in a sequence of steps which are used in the order of their priority (INTERWASTE, 
2010). Thus, the main step of action, when dealing with waste, is to avoid or reduce the 
amount of waste produced. Where these steps cannot be applied, waste should be reused and 
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recycled as much as possible. After that, the remains (or waste that cannot be reused an 
recycled) should be incinerated for energy recovery. Disposal in landfills should only be used 
as a last resource if none of the previous mentioned steps can be applied. 
 
 
Fig. 4 The waste hierarchy presents all the steps that need to be followed when dealing  
with waste treatment. The base (dark green) shows the first step of  action, while the  
tip (red) shows the last option when dealing with waste. 
 
WASTE PREVENTION AND REDUCTION 
Waste avoidance and reduction represent the base of the waste hierarchy. The purpose of 
these methods is to reduce waste, therefore disabling it from entering the waste stream. These 
methods are especially important for waste which is hard to recycle, recover, treat or dispose 
of. 
Waste minimization is linked to economic incentives and pressure as a result of competition. 
A key role is also played by producers who voluntarily take initiative and implement these 
strategies in their production processes.  
The most notable governmental waste reduction initiative has been the taxation of plastic bags 
in some countries. This was the first time when taxation has been used to affect the behavior 
of both consumers and producers. Through this initiative the number of plastic bags used was 
limited, disposal was reduced and their re-usability and value increased. 
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REUSE AND RECYCLE 
Reuse and recycling have the purpose of preventing materials from entering the waste stream 
and reducing the amount of waste generated that moves up the hierarchy (INTERWASTE, 
2010). These two waste handling strategies are favored by awareness campaigns and facilities 
offered by governmental institutions and/or NGOs. It is important that people know about the 
benefit that reuse and recycling have on the environment. Once the general public is well 
informed, it is also relevant that recycling stations are placed in the right places (i.e. urban 
areas).  
ENERGY RECOVERY 
Energy recovery has the same purpose as reuse and recycling of materials, the difference 
being that waste is transformed into energy instead of being disposed into landfills. There are 
both advantages and disadvantages to this method of waste treatment. While the advantages 
are obvious, incineration is expensive as a technology (building costs), requires cooperation 
with local companies and/or governmental institutions, and has to comply to certain 
environmental regulations (Kleis et. al., 2007). 
TREATMENT AND DISPOSAL 
The treatment and disposal of waste is presented in the waste hierarchy as a last option of 
waste handling. Treatment is considered to be any process that reduces the environmental 
impact of waste by modifying its physical proprieties or by removing and destroying its toxic 
components (INTERWASTE, 2010). The term disposal, on the other hand, refers to the 
depositing or burial of waste onto, or into, land. 
In order to ensure that waste is treated and disposed of in an appropriate way, specific 
guidelines have to be issued. These guidelines have to determine which are the adequate 
operational standards for landfills, specify the types of waste that can be disposed of 
depending on the type of landfill, and determine which are the operational standards for 
certain treatment and processing technologies (INTERWASTE, 2010). 
CRADLE – TO – CRADLE   
Reduce, reuse, and recycle are used on a wide scale to lower the amount of waste (especially 
plastic packaging) we produce. As stated by the United Nations Environment Programme 
(UNEP) in one of their reports from 2011, in order to make the waste hierarchy become more 
effective, we should supplement the 3R strategy with a fourth R – redesign (UNEP, 2011, #2).  
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This refers to both redesign at a molecular level, by using green chemistry, as well as product 
redesign, which could be more environmentally sustainable and less resource demanding. 
The implementation of the waste hierarchy requires that changes are brought to the designs of 
products so that their reusability and  possibility of recycling is increased. This concept of 
waste management is known as cradle-to-cradle. Explained in the book Cradle to Cradle: 
Remaking the Way We Make Things, by Braungart & McDonough (2002), cradle-to-cradle 
is a step forward from the cradle-to-grave approach, that gave responsibility to producers for 
the entire lifecycle of a product until its disposal. 
As stated in Braungart & McDonough’ (2002) book, cradle-to-cradle (also known as eco-
design or C2C) is used in the design of products and systems which models the human 
industry after nature’s flow of materials. This concept divides all materials into two 
metabolisms: the biological and the technological metabolism, each of them consisting of a 
cycle (biological or technological, depending on the case) and replicating the flow of nutrients 
exhibited in nature. In order to make a product truly ecologic, it should be possible to make it 
return to either of the two cycles, this means that the product should be made from either 
biological or technological materials. This design avoids the creation of the so called 
“monstrous hybrids” which cannot be returned to any of the cycles and as a result are lost as a 
source of primary material. 
Seeing products from a cradle-to-cradle perspective ensures that once a product reaches the 
end of its life span, the different parts it is made up are recovered, reused and recycled. This 
ensures that the materials are once again used as inputs for the construction of new products 
and that the C2C cycle is repeated until further reuse is not possible (INTERWASTE, 2010). 
BIOMIMICRY 
Biomimicry is a technique based on observing nature’s elements, models and systems in order 
to find solutions for daily life problems. As Janine M. Benyus, biologist, design researcher, 
and author of Biomimicry, explains, sustainable manufacturing systems by using nature as the 
model, mentor, and measuring standard of our design solutions, is the right direction in which 
product designs should develop (Daniel, 2005). 
When it comes to packaging, people have not been the first ones to use it, for nature has done 
it first. Similar to the way in which we use plastic for our packaging purposes nowadays, 
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nature has already designed natural containers such as seeds or eggs. Here is an example that 
we can learn from; fruits and vegetables are natural bottles for storing water. By weight, most 
of the fruits and vegetables contain more than 90 % water (i. e. cucumbers and tomatoes store 
up to 96 % water, while lettuce has the highest water percentage of 97%)(Benyus, 2002). If 
we could apply this knowledge to a packaging system, an empty bottle could be eaten just like 
one would a fruit (Benyus, 2002). 
Another example is the porcupine fish, whose body can inflate twice as big as its original size if under 
threat, and return to its normal size once the threat has passed. This flexibility could also be applied on 
packaging. Perhaps a soda bottle could be designed to hold two liters of liquid and gases, and shrink 
into a cap size once the drink is finished. And the list of examples could go on. 
CAPACITY  BUILDING 
Capacity building is a concept that focuses on long-term development processes that engage 
individuals, organizations, and institutions in overcoming problems concerning development. 
This is done by improving the abilities that will allow these actors to obtain sustainable results 
with the resources/tools available. The main goal of this approach is to improve policy 
making in such a way that fits best for each specific country, while taking into consideration 
its resources, potentials, and limitations (UNESC, 2006). 
Countries are in different stages of development and many cannot afford to implement the 
most desirable solutions for the problems they are facing. Therefore, it is important to educate 
people at all three - individual, organizational and institutional - levels so that problems can 
be addressed and solutions can be provided.  Service workers need proper knowledge and 
possibilities to acquire more skills and to adapt to changes, institutions need to modernize and 
be able to provide better management and society as such has to communicate better between 
different levels and use the feedbacks in order to improve further (UNESC, 2006). 
COUNTRY PROFILES 
When it comes to the North Pacific Gyre, we presume that all the plastic waste that has ended 
up there originates from the bordering countries. We have chosen not to take into 
consideration waste that comes from the shipping industry because the data available on this 
subject is scarce.   
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Since in this region of the world, it is known that China, Japan, and the United States are the 
biggest producers of consumer goods and, of course, of waste, we focus on these countries. 
When presenting the USA, besides general data, we emphasize on the West Coast and the 
state Hawaii (as much as the data found permits). We exclude S-E Asian countries from this 
presentation because we could not find trustworthy sources of information and because such a 
thorough investigation has proved hard to accomplish. 
CHINA 
In 2004, China has surpassed the United States and has become the world’s biggest waste 
producer (EASUR, 2005).  
When it comes to waste management, China is still facing a lot of problems. Waste collection 
is a first impediment as citizens do not sort their waste, and recyclables are mixed with regular 
waste. Also, there are different levels of waste collection throughout the country and while in 
some places waste is collected three times a day, others do not benefit of regular collection 
what so ever. 
In 2010, the total amount of plastic produced in China reached 62 million tons (see figure 6). 
From this total, up to 50% become waste (30 million tons)(EUPC, 2011). 
Even though China recycles a high amount of plastic waste each year (16-20 million tons), it 
had to import up to 7.4 million tons of plastic waste in 2010 to keep their recycling plants 
working (ISWA, 2012).  With a total of 787 plants that have a recycling rate of 20-25%, the 
sorted plastic obtained from all over the country does not suffice (because sorting is not done 
efficiently)(BIR, 2011). 
In order to prevent plastic bag pollution, China passed a strict law on plastic shopping bags 
which has been applied since the 1st of June 2008. This law prohibited shops, supermarkets, 
and retail stores from providing free plastic bags, while the ultra-thin plastic bags with a 
thickness of under 0.025mm were totally banned (He, 2010). By doing so, the amount of 
plastic shopping bags used in China has dropped about two thirds (24 billion plastic bags or 
60,000 tons of plastic) until 2011 (PlanetArk, 2012). This helps China to save about 3.6 
million tons of oil, or the equivalent of 5 million tons of coal, while reducing the carbon 
dioxide emission by over 10 million tons (PlanetArk, 2012). China could be a very helpful 
example for the developing countries around the North Pacific Ocean like the Philippines and 
Indonesia. 
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UNITED STATES (West Coast and general data) 
As one of the main waste producers in the world, the United States needs to invest more into 
improving its waste treatment methods. Currently, the majority of the municipal solid waste 
(MSW) produced in this country ends up in landfills. As seen in figure 5 (left) up to 54.2% of 
the municipal waste in the US was landfilled while 34.1% has been recycled and 11.7% 
incinerated.  
There are 86 facilities for MSW incineration, mainly located in the North-East. To control the 
pollution from these facilities, the Clean Air Act (CAA) was enacted. In 1990s the 
Environmental Protection Agency (EPA) went further to create stricter rules on pollution 
control because of growing concern about dioxins and mercury emissions (EPA, 2012)..  
From the total amount of 250 million tons of waste produced in the year 2010, plastic waste 
accounts for 12.4% (see figure 5, right). With a total of 31.2 million tons of plastic generated 
in 2010, from which 2.55 million tons were recycled (8.2% of the plastic produced), the 
United States does not have an appealing record in terms of waste management and treatment 
(EPA, 2010). 
Yearly, Americans use ~1 billion plastic bags which make up a total of 300,000 tons of 
landfill waste (Clean Air Council, 2009). Less than 1% of these bags are recycled each year. 
Recycling one ton of plastic bags costs around 4,000 dollars while the resulting product can 
be sold for 32 dollars (Clean Air Council, 2009). As for PET bottles and jars, the rate of 
recycling was about 29.2% in 2010 (EPA, 2010). 
Data summaries from EPA show that plastics represent 12.4% of municipal solid waste 
generated in the USA in 2010 (31 million tons) (EPA, 2012). More than half of that is 
packaging and the other fraction is durable goods (appliances, furniture). From the total 
amount of plastics,  8% is recycled, but rates differ from depending on type – 28% of all 
HDPE bottles and 29% of PET bottles are recycled. Recycling rates of other plastics like bags 
and wraps are about 12% (EPA, 2012).  
For the most common plastic types, PET and HDPE, there exists a rather stable market within 
the USA. The capacity of recycling plastics and the market demand exceeds the amount of 
plastics that are extracted from the waste stream. Recycled PET bottles can be, for example, 
turned into fibers for textile industries and HDPE – into products like plastic furniture (garden 
chairs and other) (EPA, 2012).  
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Jones (1995) presented in his work a list of studies carried out in the USA which were 
showing the densities of beach debris found in different states. In Hawaii the average debris 
density was of 262 items/km, while in California 814 items/km, and 8000 items/km in Mexico     
(year 1989)(Jones, 1995). 
In California there are several NGOs that try to promote banning plastic bags in grocery shops 
and retail stores. They argue that each year, among other waste, huge amounts of plastic bags 
are found on the beaches of California and it is both dangerous for the environment as well as 
unappealing to the eye. Data from Heal the Bay, a non-profit organization, reveals that 
Californians are yearly using around 19 billion grocery bags made from plastics which is 
approximately 552 bags per person (Heal the Bay, 2010). This trend creates a lot of excess 
waste provided that their use is for a short term whereas the environmental danger can last for 
many years. Therefore, in Los Angeles and San Francisco new rules were recently established 
in order to ban giving free single-use plastic bags in shops (Zaremba, 2012).  
 
   
Figure 5. Left. Management of solid municipal waste in the US in 2010 Right. Total municipal solid waste 
generation (by material) in the US in 2010, from a total of 250 million tons (before recycling).  
Image source EPA, 2010. 
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JAPAN 
As stated by the European Plastic Converters (EUPC), in 2010, Japan contributed by 5% to 
the world’s plastic production (see figure 6)(EUPC, 2011). 
In the year 2009, up to 78% of the MSW in Japan was being incinerated (Klean Industries, 
2009). Even if incineration is currently the most practiced method, Japan is trying to shift 
more towards recycling and incinerate for energy-recovery only the waste which cannot be 
recycled. 
Due to the limited land available and high densities of populous, Japan has continuously tried 
to improve its waste treatment methods. In the 60’ and 70’ the country started to confront 
itself with hazardous pollution as a result of industrialization. With landfills reaching their 
capacities, problems such as water supply contamination are possibilities, which the country 
has to avoid. 
By the year 2006, Japan had 1,374 operational incineration facilities, summing up a capacity 
of ~196,000 tons/day (Klean Industries, 2009). The amount of electricity produced by 
incinerating waste was of about 1,630 MW in the year 2007 and the aim of the government is 
to increase it to 2,500 MW by 2012 (Klean Industries, 2009).   
Since the year 2000, Japan has applied the Basic Law for Establishing a Recycling-Based 
Society (Klean Industries, 2009).  This law sets the priority in which waste should be treated 
starting with reduce, reuse, recycling, energy recovery, and appropriate disposal of waste. 
Japan manages to treat its waste very efficiently because they have made a lot of guidelines, 
rules and laws that educate and train citizens and determine companies to adopt an 
environmentally friendly behavior. Also, as the country depends on imports (since it is limited 
on resources), recycling has to be prioritized in order to keep the economy at a constant level.  
Nowadays, Japan has become the world leader in recycling plastics. In 2010, even though 
they used a lot of plastic bags, about 77% of plastic waste has been recycled (The Guardian, 
2011).  
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Figure 6. Overview of the world plastic production in 2010. Image source EUPC, 2011. 
 
ROLE MODELS – Denmark 
Waste incineration  
Denmark has been applying waste incineration for over 100 years. The first combustion plants 
were rather primitive if to compare with the current state of development, but helped to solve 
the problem of limited landfill space. As the cities were growing bigger and more waste was 
produced, a solution had to be found and waste burning facilities were therefore established.  
In the 1930s waste in the smaller facilities was just burned and no energy was recovered 
whereas in later years energy obtained was transferred into heat and sent to households. It 
became especially convenient in the 1960s when rapid growth of cities was taking place and a 
lot more residential areas were built. There was a need for more heating. Also people started 
to realize about the environmental problems concerning industrial development and the 
awareness was spreading. In terms of carbon dioxide emissions waste incineration can be 
considered as a CO2 neutral method. After the global oil crises in 1973 and 1979, Denmark 
faced some problems with power and heating and the political situation was important for 
providing more development in the field of waste combustion. It was favorable to invest in 
this since it also helped to lessen the dependence on imported energy. In the 70s and 80s the 
old fashioned plants were closed down and in 10 to 20 years more specific rules were 
established by both EU and the Danish government with regard to technologies concerning 
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cleaning and processing the residues of waste that are left after burning, since the bottom ash 
contains numerous hazardous compounds. Incinerating waste reduces the initial volume by 
90% and the weight by 80% but the remaining residue has to be treated with care (Kleis et. 
al., 2007). The bottom ash can then be either deposited in special landfills or recycled. It can 
be reused in, for example, the pavement of new roads. 
With over 100 years of experience, Denmark has become the leading country in waste 
incinerating technologies (Kleis et. al., 2007). BAT (Best Available Technology) has to be 
applied in waste incineration processes in order to be efficient regarding both energy 
extraction and pollution prevention. The advanced methods of pollution control and 
mitigation make this type of waste treatment to be the preferred one in Denmark. It became in 
fact the first country in the world where law states that all waste that can be incinerated must 
not end up in a landfill site. Although, as incineration and landfilling are lower in the waste 
hierarchy than recycling, there are some taxes applied per unit weight of waste incinerated or 
disposed in a landfill.  
In the year 2002 it was measured that almost 3 million tons of waste were burned in all 
incineration plants in Denmark. Currently, there are 31 functioning MSW incineration plants 
that are evenly distributed throughout the country. The combustion rates vary from 2 to 83 
tons of waste per hour, the biggest being the Vestforbrænding incineration plant located near 
Copenhagen (Kleis et. al., 2007).  
Although, Denmark is known for its high incineration percentage, some other countries in 
Europe surpass their energy recovery rates, like Switzerland and Luxembourg. Besides these, 
other EU countries with high energy recovery rates are Sweden, Belgium, Austria and 
Germany (see figure 7). The figure also displays the recycling rates of the European countries 
and all of them recycle at least 10% of their waste but not all use waste incineration.  
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Figure 7. Total recovery rate of consumer plastic in 2010. Image source EUPC, 2011. 
 
Recycling system 
When it comes to the Danish recycling system, there are multiple aspects that can be 
mentioned.  
Most municipalities offer the possibility to sort waste into the major categories: paper, 
cardboard, glass, electronic waste, hazardous waste, etc., and many residential areas are 
equipped with their own special sorting places. In addition, local administrations promote a 
green behavior by sending  out informative brochures that handle subject of recycling. 
Denmark also has a good beverage bottle and can collection policy which deals with 
reclaiming used plastic and glass bottles, as well as aluminum cans by offering a small 
monetary refund. The reclaiming places for these types of packaging materials are 
conveniently placed within supermarkets, thus making it easy for consumers to recycle. 
These are some strategies that could be used as a good example and be implemented 
everywhere. 
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DISCUSSION 
There are three main advantages of plastic. First, it is relatively light compared to most 
metals. This property is a result of the organic compounds it contains, which are made of light 
elements such as carbon, hydrogen, oxygen, nitrogen, etc. Second, the plastic can be easily 
processed. Plastic exhibits plasticity, which means it can be deformed at high temperatures or 
under pressure, and keep their shape when cooled or released from pressure. This makes it 
possible for plastic to be processed into a product of a particular shape by extrusion or 
injection. Third, the plastic will not decompose or rust. However, this also brings a serious 
problem for human beings. The large amount of plastic waste cannot be naturally decomposed  
and as a result can cause severe environmental pollution. Since it is hard to treat this problem, 
once plastic has been released into the environment, the focus has to be set on preventing 
irresponsible disposal at its source. The pyramid of waste is the most obvious concept that 
should be applied when dealing with waste management issues. 
Reducing the amount of plastics 
The first step in preventing plastics from polluting the environment is to reduce to amount of 
plastic produced. Even though it is hard to accomplish this, since plastics play an important 
role in our consumer lives, the levels of  hazardous compounds usually found in plastics 
should be decreased or replaced by less harmful substitutes. Similar to how China applied the 
law for taxing the use of plastic bags and how the USA banned plastic bags in several cities, 
strategies like these should be more widely practiced.  
Another way of reducing is by redesigning products so that they require less resources and/or 
energy in the manufacturing phase. As an example, in the USA the 2-liter plastic soft drink 
bottle was reduced from weighing 68 grams in 1977 to 51 grams today, representing a 25% 
reduction per bottle. This saved more than 93,400 tonns of packaging each year (WM, 2012). 
Reusing plastic bags and other plastics that have a reusing potential 
Reusing also plays an important role in waste management. Reusing can be most efficiently 
practiced at an industrial level by investments in new technologies and by creating industrial 
symbiosis networks between companies. Also, reuse could be done on an individual basis. 
Plastic bags, for example, could be reused until they become unusable. As for other plastics, 
they should at least be designed is such a way that once their initial purpose is exceeded they 
could be reused with a different function. This is where concepts such as cradle-to-cradle and 
26 | P a g e                    R o s k i l d e  U n i v e r s i t y ,  T E K  S A M ,  F a l l  2 0 1 2  
 
biomimicry could radically change the way in which we perceive plastic products. For 
example, perhaps a plastic container used to transport food items could be later reused for 
storing miscellaneous objects. Besides shape and function, the design of the plastic product 
should also have a desirable appearance that could persuade the consumer to reuse it.  
Recycling and better options for sorting  
When it comes to plastic, the most obvious solution is recycling. As presented in the Country 
profiles section of the report, all the key countries which are contributing to the existing 
plastic waste in the North Pacific Ocean are using this method of waste treatment to some 
extent. Of course, all these countries should continue to increase the amount of recycled 
plastic waste. 
Recycling is important for every country as it helps in creating new job opportunities, offers 
an environmentally friendly way of treating waste and most importantly, it transforms waste 
into materials which can be reused by industry (EEA, 2011). 
Countries in the same situation as China should try to redirect more of their plastic waste from 
landfills to recycling stations. 
To further improve recycling, better practices of sorting plastic products should be applied 
and/or researched. Manual sorting is a common way of separating different plastics. The 
problems associated with this method are those related to efficiency and human health 
(Stenmark, 2005). To avoid endangering people, automated sorting should be prioritized. 
When it comes to the latter, there are multiple techniques that could be applied, such as: 
• Spectroscopy based methods (identifies the plastics by their light absorbance peaks); 
• Density based methods (identifies plastics by their densities); 
• Sorting by using the differences in melting points; 
• Selective dissolution (using chemicals for separating particles of different plastic 
types by altering their hydrophobicity); (Stenmark, 2005) 
When it comes to choosing the right method, each country should look for the BAT which 
suits their current technologic and economic level of development. It is most likely that a 
combination of several of these methods will lead to maximum recycling efficiency. 
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Energy recovery 
If reduction, reuse and recycling cannot be applied, recovery is a better alternative than 
landfilling. By incinerating waste, energy can be extracted and thus, to some extent, 
compensate for the initial energy input in the production of plastic. 
Incineration might not be an accessible option for a lot of countries since it requires high 
investments. On the other hand, every country should consider investing in incineration plants 
since it reduces the amount of waste landfilled.  
Currently,  Switzerland and Japan are competing with Denmark for the highest amount of 
waste burned per capita (Kleis et. al., 2007). In Denmark, thanks to the strong support by the 
government, combustion facilities are capable to sell their heat all year around and the system 
is working very efficiently.  
 In order to better promote recycling plastics, higher taxes should be applied on landfilling 
and waste incineration. There is an ongoing competition between incineration plants and 
recycling facilities because plastics give higher energy yields when burned compared to other 
materials (EEA, 2011).  
In some countries (i.e. USA) the local public seems to be skeptical about waste combustion 
plants in terms of possible air pollution and increased traffic surrounding the facility (EPA, 
2012). To avoid such problems, people should be informed about the benefits of incineration 
plants, for as nowadays, incinerators as subject to strict environmental regulations. 
Technological improvements and replacement of materials 
To make waste treatment even more effective, countries should constantly invest in 
technological improvements which could include better sorting methods, more efficient  
energy recovery plants and so forth.  
When it comes to plastic packaging, all the non-degradable compounds should be gradually 
eliminated and replaced with ones that can safely decompose if they end up in the 
environment. 
Better international guidelines (i.e. EU requirements for waste management)  
Waste management guidelines should be established at an international level and all the 
countries should agree and respect the terms. This task must be undertaken by world-wide 
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organizations (i.e. NOAA, EAA, EPA), which would have to collaborate in creating 
universally available and realistic guidelines that take into consideration different 
development stages of countries.  
As an example, the European Union has already implemented directives on waste handling. 
While the European countries have been improving their waste management systems for 
years, there are still many countries which do not have well developed ways of dealing with 
their waste. These differences should be leveled out and the countries in difficulty should be 
offered counseling and/or economic support. 
Even though we have not taken into consideration the shipping industry, as it does not seem to 
be regulated by any particular legislation (except in harbors), it is important that strict rules 
are applied in this sector. 
Capacity building  
In our context, the countries that surround the North Pacific have different economies and the 
main waste treatment solutions differ for each of them. Therefore, capacity building is 
important for the countries that are less developed and which do not know how to efficiently 
use their available resources. By being aware of their capacity for waste handling, different 
countries could focus more on education and  gaining competence in implementing new 
technologies. 
Awareness and collection campaigns 
In order to make the 3R strategy work, a certain level of public awareness is required. Often, 
people need to be reminded of environmental issues so they do not end up neglecting the 
importance of reusing products or recycling waste. By constantly promoting awareness 
campaigns, environmental agencies in collaboration with NGOs could turn people’s attention 
towards these matters. Other types of campaigns such as recollecting campaigns in which 
producers take responsibility for their products at the end of their life should also be 
encouraged. 
Possibility to recycle 
It is not enough to spread information. The possibility to recycle should also be offered to the 
consumers. This can be done by establishing sorting places with selective containers in which 
people could dispose of their waste. 
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CONCLUSION 
All the concepts and methods discussed above can help countries to gain knowledge and 
better assess their waste management problems, while diminishing pollution caused by 
plastics. With all the information gained throughout this report, we can now proceed with 
answering our problem formulation questions. 
Who should take initiative to create more strict regulations on plastic waste disposal? 
We believe that the actors best qualified to create more strict regulations are the local 
governments with the help of international guidelines made by representative organizations. 
Which is the best solution for treatment of plastic waste? 
When dealing with waste treatment, there is no ideal solution. Different methods have to be 
combined in order to efficiently handle waste. Each country should try to follow the waste 
pyramid, and when one step cannot be applied, the next best solution should be taken into 
consideration. 
How can consumer plastic be prevented from entering the environment and affecting 
wildlife? 
First of all, people should be better informed about the influence of their daily habits on the 
environment and be offered the possibility to make ‘greener’ choices. 
Second, plastic waste should be recaptured into the material flow by applying the steps from 
the waste hierarchy, disposal being the least desired option. In other words, waste should be 
shifted from landfills to any of the other ‘less damaging’ treatment options. 
Next, the legislation and guidelines for waste handling available in each country should be 
made more strict and help countries improve their waste treatment habits. 
Collaboration between countries and organizations should be encouraged, because one 
country’s plastic pollution is everyone’s burden. 
Even if all these suggestions are respected, some plastic will still end up in the environment. 
Thus, we believe that safer materials should be used to replace the harmful ones. 
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